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(57) ABSTRACT

In one embodiment, a technique for performing partial build
fabric operations when merging two or more Fibre Channel
fabrics 1s provided. By maintaining a Principal Switch
already assigned for one of two merging fabrics, a limited
“partial build” may be performed for the other merging fabric.
As a result, the time required for a Principal Switch selection
phase may be greatly reduced.
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PARTIAL BUILD OF A FIBRE CHANNEL
FABRIC

BACKGROUND OF THE INVENTION

1. Field of the Invention

Embodiments of the present invention generally relate to
networks and, more particularly, to merging Fibre Channel
network fabrics.

2. Description of the Related Art

The Fibre Channel standard addresses the general need in
networking for very fast transfers of large amounts of infor-
mation. Fibre Channel networks utilize an arrangement of
switches, called a Fabric, to connect devices. This approach
simplifies the overhead associated with network tratfic, as a
device with a Fibre Channel port need only manage a point-
to-point connection between 1ts port and the Fabric.

To eliminate ambiguity when routing traific between
switches 1n a fabric, each switch 1in a Fabric 1s assigned one or
more unique Domain_IDs during a multi-phase process. In a
first phase, one switch in the fabric 1s selected as a Principal
Switch. The Principal Switch then assigns Domain_IDs to the
other switches of the Fabric 1n a second phase.

It 1s often desirable to merge two stable Fibre Channel
tabrics, for example, to expand a network or link network
devices. When merging, the fabrics must again go through a
build process, 1n which the Principal Switch of one of the
fabrics 1s maintained and assigns Domain_IDs to the switches
of the merged fabric. Unfortunately, this build process gen-
erally takes 15 seconds, which limits how quickly fabrics can
be merged and generally adds to port bring-up time.

Accordingly, what 1s needed 1s a technique for reducing the
time required for building a Fibre Channel fabric.

BRIEF DESCRIPTION OF THE DRAWINGS

So that the manner in which the above recited features of
the present mvention can be understood in detail, a more
particular description of the mvention, briefly summarized
above, may be had by reference to embodiments, some of
which are illustrated i1n the appended drawings. It is to be
noted, however, that the appended drawings 1illustrate only
typical embodiments of this invention and are therefore not to
be considered limiting of its scope, for the invention may
admuit to other equally effective embodiments.

FIG. 1 illustrates an example of Fibre Channel fabrics that
may be merged 1n accordance with embodiments of the

present invention.

FI1G. 2 illustrates the establishment of a link between the
Fibre Channel fabrics of FIG. 1.

FIG. 3 1s a flow diagram of example operations 1n accor-
dance with embodiments of the present invention.

FIGS. 4A-4D 1llustrate different stages of merging Fibre
Channel fabrics in accordance with embodiments of the

present invention.
FIG. 5 1llustrates a resulting merged Fibre Channel fabric
in accordance with embodiments of the present invention.
FIG. 6 illustrates a comparison of example timing of a
Fibre Channel fabric build process according to a conven-

tional approach and a Fibre Channel fabric build process in
accordance with embodiments of the present invention.

DESCRIPTION OF EXAMPLE EMBODIMENTS

Embodiments of the present invention may reduce the time
required for merging a Fibre Channel fabric in comparison to
conventional fabric merge processes. By maintaining a Prin-
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2

cipal Switch already assigned for one of two merging fabrics,
a limited “partial build” may be performed for the other
merging fabric. As a result, the time required for a Principal
Switch selection phase may be greatly reduced from the
default 10 seconds to only few milliseconds.

As used herein, the term fabric generally refers to an
arrangement of one or more interconnected switches that
connect devices 1n a network. As used herein, the term Prin-
cipal Switch generally refers to a switch 1n a Fibre Channel
tabric that assigns Domain_IDs to other switches 1n the same
fabric.

Embodiments of the present invention are described below
with reference to merging two Fibre Channel fabrics. How-
ever, those skilled 1n the art will appreciate that the techniques
described herein may also be more generally applied during a
variety of different types of events that alter or reconfigure a
fabric, such as re-booting a switch, reconfiguring a switch or
any type ol event 1n which a port 1s added to or merged with
a fabric. Further, while embodiments described below
involve the merging of two fabrics, the techniques described
herein may be generally applied to merge any number of
fabrics.

An Exemplary Network Environment

FIG. 1 illustrates one example of a network environment
100, 1n which embodiments of the present invention may be
utilized. As illustrated, the network 100 includes two fabrics,
Fabric 1 110 and Fabric 2 120. While each fabric may be
formed by a relatively large number of different types of
network elements, to simplity the illustrated example, each
tabric 1s shown with a relatively small number of switches
112.

Fabric 1 has three switches, Switch A, Switch B, and
Switch C, with unique Domain_IDs 10, 11, and 12, respec-
tively. Switch A 1s designated as the Principal Switch for
Fabric 1. Fabric 2 has two switches, Switch X and Switch Y,
with unique Domain_IDs 50 and 51, respectively. Switch'Y 1s
designated as the Principal Switch for Fabric 2.

Fabrics 1 and 2 may be located within the same site (e.g., 1n
a common building or campus) or on remote sites. In any case,
a link 130 between Switch C and Switch X may be established
to connect the fabrics, as shown 1in FIG. 2. The link 130 allows
the fabrics to be merged and may include any suitable com-
bination of components to allow communication between
Switch C and Switch X.

As previously described, merging of two fabrics involves
selection of a Principal Switch for the resulting merged fabric
and assignment of unique Domain IDs. Typically, the princi-
pal switch after a merge will be the same as one of the two
Principal Switches existing before the merge, such that one of
the two merging fabrics retains its Principal Switch.

According to embodiments of the present invention, a “par-
tial build” process may take place, wherein a merging fabric
whose Principal Switch 1s maintained may forgo a normal
Build Fabric (BF) phase of the fabric build process. The other
tabric may undergo the BF phase, but with traffic limited to 1ts
tabric. At the end of this limited BF phase, the existing Prin-
cipal Switch may directly distribute Domain_IDs to the
switches that underwent the BF phase, essentially skipping
the substantial time (e.g., on the order o1 10 seconds) typically
required to perform a conventional Principal Switch selection
phase.

FIG. 3 1s a flow diagram of example operations 300 that
may be performed to carry out a partial Fabric build when
merging two or more fabrics, i accordance with embodi-
ments of the present invention. The operations 300 may be
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described with reference to FIGS. 4A-4D, which illustrate
example traffic flow corresponding to various operations.

The operations begin, at step 302, where the switches link-
ing the merging fabrics swap exchange fabric parameters
(EFPs). As 1llustrated in FIG. 4A, the EFPs may contain an
identification of the principal switch 1n each fabric and a list
of Domain_IDs currently assigned in that fabric. Exchanging
the domain lists enables each switch to determine that there
are no Domain_ID conflicts. In this example, there are no
Domain_ID conflicts. However, for some embodiments, if a
domain contlict was detected, additional operations may be
necessary in order to resolve the contlict before proceeding to
the principal switch selection phase.

At step 304, an existing Principal Switch of one of the
fabrics 1s selected based on information in the EFPs. For
example, one simple approach 1s to select a Principal Switch
with a better (e.g., lowest) priornity. Priornity 1s typically
assigned as an 8-bit integer. In the 1llustrated example, Switch
A has a prionity of 1, while Switch Y has a priornity of 2. Thus,
according to this approach, Switch A 1s selected as the Prin-
cipal Switch to maintain for the resulting merged fabric,
which 1s reflected 1n FIG. 4B. For some embodiments, 1f both
existing Principal Switches have the same priority, some
other parameter will be used, such as a globally unique World
Wide Name.

As the switches 1n the fabric containing the selected Prin-
cipal Switch (the PS fabric), Fabric 1 1n this example, have
valid Domain_IDs already assigned by the maintained Prin-
cipal Switch, there 1s no need for the switches 1n that fabric to
undergo a build fabric (BF) phase. Thus, a partial BF may be
performed, with BF traflic limited to Fabric 2.

At step 306, a partial BF 1s performed for switches of the
merging fabric that does not have the selected principal
switch (the non-PS fabric). As illustrated 1n FI1G. 4B, in this
partial BF phase, Switch X may send BF frames, but only
towards the switches 1n Fabric 2. As Fabric 1 forgoes the BF
phase, Switch C may not send any BF frames, but may simply
wait for the BF phase of Fabric 2 to complete. Completion of
the BF phase may be signaled by the beginning of a “partial”™
Principal Switch selection phase in Fabric 2.

At step 308, a switch 1n the Non-PS fabric sends an EFP
request frame towards the PS fabric and, at step 310, a switch
in the PS fabric responds to the EFP request with an EFP
accept. For example, as illustrated 1n FI1G. 4C, after the partial
BF phase, Switch X may send an EFP request frame contain-
ing an empty domain Id List towards Switch C. Switch C may
immediately respond with an EFP accept frame containing a
non-empty Domain_ID List indicating the already-assigned
Domain_IDs (10, 11, and 12).

The non-empty Domain_ID list in the EFP accept frame
are taken by default as indicating that switches 1n Fabric 1
have better priority than switches 1n Fabric 2. Thus, switches
in Fabric 2 may accept the Principal Switch identified 1n the
EFP accept response (Switch A) as their principal. Thus, the
partial Principal Switch selection phase may be completed
almost immediately (e.g., after only a few milliseconds).

With the partial Principal Switch selection phase complete,
at step 312, switches 1n the Non-PS fabric may proceed to
request Domain IDs from the Principal Switch. As illustrated
in FIG. 4D, Switches Y and X may send Domain_ID request
frames to Principal Switch A, requesting the same Domain_
IDs (50 and 51, respectively) they had before the merge.

The final merged fabric 510 resulting from merging Fabric
1 and Fabric 2 1s illustrated 1n FIG. 5. As the Principal Switch
A will have directly distributed the current domain list, each
switch 1in the merged fabric 510 will have a path towards
Principal Switch A.
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By performing the partial build operations, the merged
tabric 510 was built much quicker than possible using con-
ventional techniques, by eflectively eliminating the wvast
majority of the time typically imnvolved in Principal Switch
selection. The potential reduction 1n build time 1s 1llustrated 1n
FIG. 6, which illustrates an example time line 610 for a
conventional fabric build and the partial fabric build
described herein.

As 1llustrated, the time typically spent for the BF phase
(e.g., approximately 5 seconds) 1s roughly the same for both
techniques. The time spent 1n the Partial Principal Switch
selection phase (e.g., only a few milliseconds), however, 1s
substantially shorter than the time spent 1n the conventional
(“Full”) Principal Switch Selection phase (typically on the
order of 10 seconds).

Reducing the build time by this amount not only results 1n
significantly reduced merge times, but may also reduce the
time of other activities, such as the time spent when switches
are re-booted or new switches are added to fabric. The tech-
niques described herein may also reduce time associated with
port-pacing algorithms applied to switches after they are re-
booted, which are commonly based on expected build times
(conventionally on the order of 20 seconds, assuming 135
seconds for Principal Switch selection and Domain ID
Assignment). Thus, the techniques described herein may
enable all ports of a (rebooted) switch to come up much faster
than with conventional techniques.

Further, the Principal Switch in the PS fabric that 1s main-
tained for the merger remains available throughout the partial
build operations. As a result, new switches may be added to
the PS fabric, even while the merger between fabrics 1s taking
place. While precautions may be taken to ensure new
switches do not request Domain_IDs of existing switches,
this may be the case even if a full (fabric wide) BF phase takes
place and new switches are added either during the BF phase
or the subsequent Principal Switch Selection phase.

Partial Build operations may also reduce the overall traffic
load on fabrics. For example, by limiting or eliminating many
of the BF and EFP frames conventionally sent during a Prin-
cipal Switch Selection phase, a substantial amount of tratfic 1s
climinated, which may be particularly advantageous, for
example, when using trunked ports (carrying multiple
VSANSs).

Interoperability

It should also be noted that 1t 1s not necessary that all
switches 1n fabrics that need to be merged support the Partial
Build techniques described herein. In fact, 1t may be sufficient
that a single switch need support a Partial Build feature. For
example, i the example illustrated 1n FIGS. 4A-4D, only
switch C would need to support the feature.

In other words, 1 Switch C supports the feature while
Switch X does not support 1t, then Switch X will send a BF
frame towards switch C as well (not only towards SwitchY as
described above). In this case, however, Switch C may simply
respond with a BF accept frame, but will still resist starting a
BF phase 1n Fabric 1. Once the partial BF phase 1s completed
in Fabric 2, the Principal Phase selection will still be short-
ened, requiring only the time 1t takes for switch C to respond
to an EFP request from Switch X.

This may have a significant effect 1n the market place, as
this results 1n 1inter-operability between devices that support
this feature and devices that do not. In other words, each
device 1n a network does not need to be replaced 11 a single
device supporting the feature 1s added. Further, the benefit of
the feature i1n terms of reduced merge times may also be
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achieved, allowing a network to be upgraded without having
to replace all the switches 1n a fabric.

Further, 11 a device that supports the feature 1s added to
other devices that do not, the device may continue to operate
in a conventional manner, 1n essence, merge times may sim-
ply regress to that of a conventional BF phase. As an example,
if switch C does not support a partial BF, a regular BF will be
started on Fabric 1 and the merger of Fabric 1 and Fabric 2
will exhibit conventional merger times, with both fabrics
starting a regular BF phase (e.g., that eventually will take
about 15 seconds to complete).

For some embodiments, the partial BF feature may be
turned on and off via software. For example, a switch may be
configured via a command line mterface (CLI) to enable or
disable the feature. As described above, however, even if the
feature were not set as intended, device operation may still
continue, albeit possibly without reduced merge times.

While the foregoing 1s directed to embodiments of the
present invention, other and further embodiments of the
invention may be devised without departing from the basic
scope thereof, and the scope thereof 1s determined by the
claims that follow.

What 1s claimed 1s:

1. A method, comprising;:

exchanging fabric parameters between devices 1n first and
second Fibre Channel fabrics which are to be merged to
create amerged fabric in which a switch of the first fabric
that 1s already designated as a principal switch of the first
fabric 1s maintained as a principal switch of the merged
fabric; and

performing build fabric operations for devices in the sec-

ond fabric while forgoing build fabric operations for
devices in the first fabric.

2. The method of claim 1, wherein performing build fabric
operations for devices 1n the second fabric while forgoing
build fabric operations for devices in the first fabric com-
Prises:

sending build fabric frames towards a switch 1n the second

fabric; and

ignoring build fabric frames sent towards a switch 1n the

first fabric.

3. The method of claim 2, wherein ignoring build fabric
frames sent towards a switch 1n the first fabric comprises:

receiving a build fabric frame sent towards a switch 1n the
first fabric; and

responding to the recetved build fabric frame with a build
fabric accept frame, without starting a build fabric phase
in the first fabric.

4. The method of claim 1, wherein maintaiming a switch of
the first fabric that 1s already designated as a principal switch
of the first fabric to be a principal switch of the merged fabric
COmprises:

comparing a priority of a switch already designated as a
principal switch of the first fabric to a priority of a switch
already designated as a principal switch of the second
fabric; and

comparing at least one other parameter of the switches 11
the priorities of the switches already designated as prin-
cipal switches match.

5. The method of claim 4, wherein comparing at least one
other parameter of the switches comprises comparing glo-
bally unique World Wide Names of the switches.

6. The method of claim 1, further comprising receiving, by
a device 1n the first fabric, a command to enable forgoing
build fabric operations for devices in the first fabric.
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7. A switch, comprising:

an interface allowing the switch to connect to other devices
as part of a first network fabric and to establish a link
with a device 1n a second network fabric to be merged
with the first network fabric to create a merged fabric;
and

hardware logic configured to:

perform a set of build fabric operations for devices 1n the
first network fabric during a merger of the first and
second fabrics, if a second switch already designated
as a second principal switch 1n the second fabric 1s to
be maintained as a merged principal switch 1n the
merged fabric; and

forgo performing at least some of the build fabric opera-
tions for devices 1n the first network fabric during the
merger, i a first switch already designated as a first
principal switch 1n the first fabric 1s to be maintained
as the merged principal switch 1n the merged fabric.

8. The switch of claim 7, wherein:

the interface comprises a Fibre Channel interface and the
first and second fabrics are Fibre Channel fabrics.

9. The switch of claim 8, wherein the logic 1s configured to,
if a switch already designated as a principal switch 1n the first
fabric 1s to be maintained as a principal switch 1n the merged
fabric:

forgo sending build fabric frames;

recerve an exchange fabric parameters (EFP) request frame
from the device in the second fabric, the EFP request
containing an empty domain ID list; and

respond to the EFP request with an EFP accept response
containing a non-empty domain ID list.

10. The switch of claim 7, wherein the logic 1s configured
to, 11 a switch already designated as a principal switch 1n the
first fabric 1s to be maintained as a principal switch in the
merged fabric:

ignore build fabric frames recerved from the device in the
second fabric.

11. The switch of claim 7, wherein the logic 1s configured
to, 11 a switch already designated as a principal switch 1n the
first fabric 1s to be maintained as a principal switch 1n the
merged fabric:

recerve a build fabric frame sent towards a switch 1n the first
fabric; and

respond to the recerved build fabric frame with a build
fabric accept frame, without starting a build fabric phase
in the first fabric.

12. The switch of claim 7, wherein the set of build fabric
operations performed during a merger of the first and second
fabrics 1f a switch already designated as a principal switch 1n
the second fabric 1s to be maintained as a principal switch in

the merged fabric comprises:

partial build fabric operations involving only devices in the
first fabric.

13. The switch of claim 12, wherein the partial build fabric
operations comprise sending build fabric frames towards a
device 1n the first fabric without sending build fabric frames
towards a device 1n the second fabric.

14. The switch of claim 13, wherein the set of build fabric
operations performed during a merger of the first and second
network fabrics if a switch already designated as a principal
switch 1n the second fabric 1s to be maintained as a principal
switch 1n the merged fabric further comprises:

sending an exchange fabric parameters (EFP) request
frame to the device 1n the second fabric, the EFP request
containing an empty domain ID list.
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15. The switch of claim 7, wherein the logic 1s configured
to determine whether a switch already designated as a prin-
cipal switch of the first network fabric already designated as
a principal switch of the second network fabric 1s to be main-
tained as a principal of the merged fabric by:

comparing a priority of a switch already designated as a

principal switch of the first fabric to a priority of a switch
already designated as a principal switch of the second
fabric.

16. A switch, comprising:

means for connecting to other devices as part of a first

network fabric and for establishing a link with a device
in a second network fabric to be merged with the first
network to create a merged fabric;

means for performing a set of build fabric operations for

devices in the first network fabric during a merger of the
first and second network fabrics, 1f a second switch
already designated as a second principal switch 1n the
second fabric 1s to be maintained as a merged principal
switch 1n the merged fabric; and

means for forgoing performing at least some of the build

fabric operations for devices 1n the first network fabric
during the merger, 11 a first switch already designated as
a first principal switch 1n the first fabric 1s to be main-
tamned as the merged principal switch in the merged
fabric.

17. The switch of claim 16, wherein:

the means for connecting comprises a Fibre Channel inter-

face and the first and second fabrics are Fibre Channel
fabrics.
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18. The switch of claim 17, wherein the means for perform-
ing 1s configured to, 1f a switch already designated as a prin-
cipal switch in the first fabric 1s to be maintained as a principal
switch 1n the merged fabric:

forgo sending build fabric frames;

recetve an exchange fabric parameters (EFP) request frame
from the device 1n the second fabric, the EFP request
containing an empty domain ID list; and

respond to the EFP request with an EFP accept response
containing a non-empty domain ID list.

19. The switch of claim 16, wherein the set of build fabric
operations performed during a merger of the first and second
network fabrics 11 a switch already designated as a principal
switch 1n the second fabric 1s to be maintained as a principal
switch 1n the merged fabric comprises:

sending build fabric frames towards a device 1n the first
fabric and not towards a device 1n the second fabric.

20. The switch of claim 16, wherein the means for perform-
ing 1s configured to determine whether a switch already des-
ignated as a principal switch of the first network fabric
already designated as a principal switch of the second net-
work fabric 1s to be maintained as a principal of the merged
tabric by:

comparing a priority of a switch already designated as a

principal switch of the first fabric to a priority of a switch

already designated as a principal switch of the second
fabric.
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